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a b s t r a c t
Objectives: Posterior lumbar interbody fusion (PLIF) is usually bilateral procedure, and it is
combined with posterior by bilateral pedicle screw support or with ﬁxation. The purpose of
this retrospective study was to compare the surgical outcomes of simple discectomy and
PLIF without pedicle screw support in patients with lumbar disc herniation (LDH).
Patients and methods: 60 patients with single segment LDH were operated between February
2010 and June 2013. 40 patients were treated with simple discectomy (Group 1) and 20
patients were treated with PLIF using double expandable polyetheretherketone (PEEK) cages
without instrumentation (Group 2) unilaterally. Pain and function were evaluated by the
visual analog scale (VAS) and Oswestry disability index (ODI) before and 18 months after
surgery. Besides, PLIF patients were evaluated with computerized tomography (CT) scan of
lumbar vertebra for the evaluation of the height of the disc, instability and fusion.
Results: Both leg and low back pain VAS scores were signiﬁcantly improved 18 months after
surgery in both of the groups (p < 0.001). Signiﬁcant decrease in VAS low back pain scores
was seen in group 2 when compared to group 1 (p < 0.001). Height of the intervertebral disc
space was preserved and no instability was detected in group 2. No recurrence and 80%
fusion rate was achieved in group 2.
Conclusion: This study showed that unilateral PLIF intervention with double expandable
PEEK cages without pedicle screw support would be sufﬁcient in the management of single
segment lumbar disc herniation in patients whom are thought to have lumbar stabilization.
# 2016 Published by Elsevier Sp. z o.o. on behalf of Polish Neurological Society.
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Lumbar disc herniation (LDH) is one of the most common
reasons for back and leg pain. Surgical management is
considered in patients unresponsive to conservative treat-
ment. Excision of the herniated nucleus pulposus with lumbar
discectomy is still the most effective treatment option in this
disease. [1,2]. Although discectomy has successful clinical
outcome in the early period, its success rate decreases to 40–
80% in the long term due to residual low back pain and
recurrence disc herniation [3–5]. To avoid residual low back
pain and recurrence of disc herniation, combination of
interbody fusion with discectomy is advised [6,7]. The
necessity and efﬁciency of utilizing fusion after simple
discectomy in patients with single segment lumbar disc
herniation is still controversial [3,5,8–11].
Various techniques like transforaminal lumbar interbody
fusion (TLIF), anterior lumbar interbody fusion (ALIF), posterior
lumbar interbody fusion (PLIF) and interbody cage devices
have been described for fusion [1,5,12–14]. PLIF was ﬁrst
deﬁned by Cloward for lumbar disc herniation [8]. Autograft,
allograft, interbody cages are used for fusion in PLIF technique.
Recently, expandable interbody cages are being used in PLIF.
The advantages of expandable interbody cages in preservation
of the intervertebral disc, height of the foramina and
segmental lordosis have been shown [15,16]. Its other
advantages are providing mechanical support and increasing
the surface area for bone fusion. Its efﬁciency has been
evaluated a few number of studies [15]. PLIF is usually a
bilateral procedure. It is combined with posterior bilateral
pedicle screw supporter with ﬁxation. On the other hand, it is
well known that unilateral facetectomy has not cause
important instability [6,17,18]. Is posterior ﬁxation with pedicle
screws necessary for PLIF in unilateral facetectomy performed
patients?
In this retrospective study, the clinical outcomes of
bilateral lumbar expandable tool locked polyetheretherketone
(PEEK) cage application without ﬁxation via unilateral ap-
proach for PLIF and simple discectomy in patients with single
segment lumbar disc disease who did not have prominent
radiological instability were compared. Radiological ﬁndings
in PLIF patients were also presented.
The purpose of our study is to evaluate the adequacy of PLIF
with expandable PEEK cages without the support of the pedicle
screw in patients with single level lumbar disc herniation with
preserved intervertebral disc height and comparison of this
technique with standard discectomy procedure according to
clinical and radiological responses.
2. Materials and method
2.1. Patient selection
60 patients who were operated for lumbar disc herniation in
our neurosurgery department from February 2010 to June 2013
were enrolled in the study. 40 patients underwent simple
discectomy (Group 1). Unilateral PLIF application without
posterior ﬁxation with pedicle screw was performed to theremaining 20 patients (Group 2). Hospital archives and PACS
were retrospectively analyzed. The inclusion criteria was;
being 20–60 years old, back and unilateral leg pain
unresponsive to at least 2 months of conservative treat-
ment, single segment unilateral disc herniation seen on
magnetic resonance imaging (MRI) and the presence of
dynamic X-ray imaging preoperatively. Patients with pre-
served intervertebral disc height were enrolled in this study.
Patients who had instability on the preoperative dynamic X-
ray imaging of the lumbar region, presence of multilevel
lumbar disc herniation, history of previous surgery were
excluded from the study.
2.2. Surgical procedure
All patients underwent surgery under general anesthesia in
the prone position. 40 patients underwent simple discectomy
procedure (Group 1). After proper skin preparation followed
by nearly a 5 cm skin incision, paravertebral muscles were
dissected unilaterally. Partial hemilaminectomy was per-
formed. Then, ligamentum ﬂavum was excised. Simple
discectomy was performed by clearance of disc tissue
pressuring the neural tissue. The operation was terminated
after ensuring the relief of neural tissue. After unilateral
facetectomy, aggressive discectomy was performed and the
endplates were shaved with the help of a curette on
the symptomatic side in the PLIF group (Group 2). The
expandable PEEK cage (CK Group, Tr, Turkey) supported with
autograft and allograft bone grafts was placed in the
intervertebral disc space. After the ﬁrst cage was expanded
it was pushed to pass the midline. Its placement
was visualized with the ﬂuoroscope then the second cage
was placed on the same side and it is expanded (Fig. 1). The
cages were carefully selected according to the height of
the intervertebral disc space. Ultimate care was taken to
avoid probable neural damage.
2.3. Outcome measures
Age, gender, level of surgery, durations of surgery and
hospital stay were recorded for each patient. All of the
patients had follow-up visits on the 2nd week, 12th and 18th
months postoperatively. All of the patients underwent direct
X-ray imaging in the early postoperative period and on the
12th month. PLIF patients were evaluated with CT scan of
lumbar vertebra for the evaluation of the stability and fusion
on the 12th month. The height of intervertebral disc space,
lumbar axis and fusion rates were recorded based on CT
imaging.
Oswestry disability index (ODI) scores and visual analog
scale (VAS) pain scores were evaluated preoperatively and on
the 18th months follow-up after surgery. The VAS pain score
was measured by asking the patient to locate the severity of
the pain on a horizontal line and score it on a scale of 0 to 10,
with 0 representing no pain and 10 representing the most
severe pain. The Oswestry low back pain disability question-
naire is an international tool in which disability is scored as
follows: 0 to 20, minimal disability; 20 to 40, intermediate
degree of disability; 60 to 80, disabling pain; and 80 to 100,
bedridden with severe pain.
Fig. 1 – On the postoperative 1st day control posteroanterior (A) and lateral (B) lumbar direct graphics of 44 years old male
patient, the position of cages was seen at L3-4 intervertebral disc space.
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R 3.2.1. Software was used for the statistical analysis.
Descriptive statistics were represented with mean and
standard deviation for continuous variables; they were
represented with frequency and percent for quantitative
variables. Independent samples t-test and Mann Whitney
U tests were used for comparisons of continuous variables
between 2 groups for normal and non-normal distributed
variables. Similarly paired samples t-test and Wilcoxon test
were used for dependent variables. Pearson and Yates chi-
square tests were used for comparisons of categorical
variables. For all statistical comparisons with a p value below
0.05 assumed as statistically signiﬁcant.Table 1 – Baseline characteristics and outcomes of the patients
Group 1 
Patients 40 
Mean ages (years) 31 (24–59) 
Male (n, %) 24 (60%) 
Female (n, %) 16 (40%) 
Involved segments (n, %)
L3-4 4 (10%) 
L4-5 21 (52.5%) 
L5-S1 15 (37.5%) 
Leg pain (VAS)
Mean preop 7.46  0.86 
Mean postop 2.47  0.63 
Low Back pain (VAS)
Mean preop 6.90  0.99 
Mean postop 3.83  0.90 
ODI
Mean preop 54.65/100  11.02 
Mean postop 14.95/100  4.55 
Operation time (min) 56.63  7.71 
Postoperative hospital stay (days) 2.0  0.51 
VAS, visual analog scale; ODI, Oswestry disability index.3. Results
The demographical characteristics of 40 patients with simple
discectomy and 20 patients with PLIF are shown in Table 1.
There was no statistically signiﬁcant difference between the
groups in terms of age, gender and the level of affected area
(Table 1). In the simple discectomy group, 4 patients had L3-4
disc herniation, 21 patients had L4-5 disc herniation and the
remaining 15 patients had L5-S1 disc herniation. In the PLIF
group, 3 patients had L3-4 disc herniation, 10 patients had L4-5
herniation and 7 patients had L5-S1 disc herniation.
The preoperative and postoperative VAS and ODI scores are
shown in Table 1. There was no statistically signiﬁcant.








7.35  0.80 0.66
2.44  0.58 0.86
7.25  0.56 0.15
2.77  0.71 <0.001
57.10/100  9.89 0.41
14.60/100  4.06 0.32
86  7.12 <0.001
2.55  0.69 0.02
Fig. 2 – The mean pre-operative and post-operative VAS
scores for leg pain before surgery and 18 months after
surgery. Significant decrease recorded in both groups after
surgery (p < 0.001). Comparison of group 1 and group 2
showed no significant differences (p = 0.860). Pre-op, Pre-
operative; Post-op, Post-operative.
Fig. 3 – The mean pre-operative and post-operative VAS
scores for low back pain before surgery and 18 months
after surgery. Significant decrease recorded in both groups
after surgery (p < 0.001). Compared to group 1, the VAS was
significantly decreased in group 2 (p < 0.001). Pre-op, Pre-
operative; Post-op, Post-operative.
Fig. 4 – The mean pre-operative and post-operative ODI
scores before surgery and 18 months after surgery.
Significant decrease recorded in both groups after surgery
(p < 0.001). Comparison of group 1 and group 2 showed no
significant differences (p = 0.324). Pre-op, Preoperative;
Post-op, Postoperative.
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scores (p = 0.66 and 0.15 respectively). On the postoperative
18th month follow-up, signiﬁcant decreases in back and leg
pain were seen in both group 1 and group 2 (p < 0.001 and
<0.001 respectively). A statistical analysis was carried out,
revealing no signiﬁcant difference between the groups in
relation to the postoperative 18th months mean leg pain VAS
scores (p = 0.86) (Fig. 2). On the other hand, statistically
signiﬁcant decrease in VAS low back pain scores was seen
in group 2 when compared to Group 1 (p < 0.001) (Fig. 3).
No statistically signiﬁcant difference was observed be-
tween the preoperative ODI scores of the groups (p = 0.41).
Statistically signiﬁcant decrease in ODI scores was seen in both
of the groups postoperatively (p < 0.001). There was no
statistically signiﬁcant difference for postoperative ODI scores
in groups (p = 0.32) (Fig. 4).
The average operation time was 56 min in group 1. It was
86 min for group 2. Average hospital stay was 2 days in the ﬁrstgroup. It was 2.5 days in the second group. The patients in
group 2 were mobilized with corset for two months. There
were statistically signiﬁcant differences for operation time and
average hospital stay between two groups (p < 0.001 and 0.02
respectively).
No serious complication and neurological injury were
observed in both of the groups during the operation and in
the postoperative period. Superﬁcial surgical site infection was
observed on the postoperative 10th day, in one of the patients
in Group 1, which was treated with antibiotics. Two patients in
the group 1 had recurrence (5%). No recurrence was recorded in
the group 2.
Height of the intervertebral disc space was preserved in all
of the patients in group 2 according to the comparison of pre-
op and one-year control CT images (p = 0.08). Development of
fusion was observed in 16 (%80) patients in group 2 as
visualized on CT imaging (Fig. 5). Radiological instability was
not observed on control CT images of group 2.
4. Discussion
PLIF procedure and its role in the treatment of lumbar disc
herniation was ﬁrst deﬁned by Cloward [8]. Current PLIF
procedure usually consists of neural decompression with
discectomy and laminectomy followed by the placement of
the appropriate sized cages into the intervertebral disc space.
The purpose of this procedure is the prevention of lumbar
lordosis, the height of intervertebral space and narrowing of
foramina of the vertebrae. The removal of the facet joints
during the placement of the implant causes iatrogenic
instability. This could be prevented by the application of
pedicle screw. This increases the neural and muscular
injury risk causing additional cost. Even though supporting
the interbody fusion with pedicle screws is known to be
an effective method to increase fusion rates, there are a
number of studies showing that fusion does not have any
effect on clinical improvement [19–21]. There are no reports of
Fig. 5 – On the postoperative 12th month sagittal (A) CT image of 42 years old female patient, development of fusion and
prevention of height were seen at L4-5 intervertebral disc space. On the axial CT image (B), the position of cages was seen.
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ﬁxation [18].
A cadaver study described that the disruption of posterior
stabilizing elements including the lamina, posterior longitu-
dinal ligament and intervertebral disc during discectomy
resulted in signiﬁcant destabilization in all of the test
parameters, especially ﬂexion-extension. The utilization of
PLIF alone, decreases mean angular displacement and
percentage of range of motion (ROM) restoring stiffness to
near intact levels [22]. Lund et al. reported that stand-alone
cages are inefﬁcient in spinal segmental stabilization [23]. The
better results in ROM for rotation, can be explained by
expanding the disc space and putting more tension to the
annulus by expandable cages [22,23]. Another disadvantage of
using the cage on its own is the possibility of ﬂat back
syndrome or neighboring segment degeneration caused by the
long-term effects of decrease in lordosis. The utilization of
screws supporting the cage could help solve this problem
[22,24,25].
In a prospective study done by Kotil et al., TLIF application
without pedicle screw in patients with single level lumbar disc
herniation without instability was found to be as effective as
pedicle screw application [6]. The advantages of TLIF applica-
tion were reported to be less invasiveness, avoidance of
radiological artifacts, shorter hospital stay, shorter duration of
operation, lower costs, avoidance of the complications of
pedicle screws and sufﬁcient fusion rates [6].
In our study it was observed that by the utilization of two
expandable tool locked PEEK cages parallel to each other into
the intervertebral disc space with the unilateral approach,
angular displacement in vertebral bodies could be avoided.
The placement of two cages increased the surface area aiming
to increase the rate of fusion. On the 12th month postoperative
follow-up 80% fusion was seen radiologically. The fusion rates
in patients with posterior ﬁxation are 89–100% [6,19–21,26,27].
The clinical improvement and radiological stability rates in
our study are comparable to patients who underwent fusion.
As previously reported, fusion rates are not fully correlated
with clinical improvement [6,19–21,26,27]. We observed that,
intervertebral disc height was preserved in all patients in
group 2. In the light of these results, we believe thatpreservation of the intervertebral disc height is another
important factor like fusion, for clinical improvement. The
size of the cage that would be placed into the intervertebral
disc space following radical discectomy has grave importance.
Goh et al. concluded that large cages manage to restore
the torsional stiffness of the facetectomized functional spine
units [28]. No segmental instability was observed in any of
the patients in group 2. Long term follow-ups of these
patients could provide more information about this possible
complications.
The cost of PLIF application with 2 expandable tool locked
PEEK cages is 800 USD, while addition of 4 pedicle screws
increases the cost to 1500 USD. With the utilization of
unilateral cage placement, possible neural injury due to
pedicle screw placement is prevented. Since this method is
done from one side only, bilateral dissection of the muscles is
not necessary thus more rapid healing is expected.
Adjacent segment disease is another probable problem
after lumbar fusion surgery. Its reported incidence is 5.2–29%
[29–31]. In our study, radicular symptoms were not observed in
any of the patients who underwent PLIF thus MRI was not
needed. It is also reported that all adjacent segment disease
cases are not symptomatic [5]. It is not possible to comment on
adjacent segment disease according to records in our study.
In lumbar disc herniated patients, better results of low back
pain have been reported during the postoperative period in
fusion groups than discectomy groups [12,13,32]. Improve-
ment in VAS and ODI scores was observed in both of the groups
in our study. Leg pain in both simple discectomy and PLIF
patients improved signiﬁcantly but there was no signiﬁcant
difference between the groups. Although signiﬁcant improve-
ment in low back pain was seen in both groups: the
improvement in patients in groups 2 was statistically more
signiﬁcant than group 1.
Recurrent disc herniation is another important factor
affecting the long-term outcomes in patients with lumbar
disc herniation. Its incidence is reported to be 7.3–18% [4,5,12].
In our study two patients in the simple discectomy group had
recurrence (5%). MRI was performed because of radicular pain
that started at the postoperative 12th month in the ﬁrst patient
and 14th month in the second patient. Ipsilateral recurrent
n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 5 1 ( 2 0 1 7 ) 5 3 – 5 958lumbar disc herniation was recorded at the same level in both
patients and redo operations were performed. It is probable
that this rate could increase in long term follow-ups. No
recurrence was recorded in patients that underwent PLIF. Rish
proposed spinal fusion as a part of the ﬁrst operation for
lumbar disc herniation [12]. Satoh et al. reported that recurrent
disc herniation could be prevented with PLIF [5]. They pointed
out that massive herniation and the presence of segmental
instability are indications for fusion [5]. We believe that, PLIF
procedure without instrumentation is superior to simple
discectomy for the prevention of recurrent disc herniation,
in patients with preserved intervertebral disc height.
5. Conclusion
PLIF with expandable PEEK cage is an appropriate method to
maintain the height of the disc in single level disc patients.
Unilateral neural decompression and fusion can be achieved
with the unilateral approach in patients with single sided
pathologies. In addition to signiﬁcant clinical improvement in
back and leg pain, it is effective in safe keeping the lumbar axis.
Additional muscle injury is prevented, as it is not supported
with bilateral pedicle screw. Potential neural injury with the
utilization of pedicle screws is thus prevented. Its low
complication and high success rates make this procedure a
novel approach in patients with single segment lumbar disc
herniation with preserved intervertebral disc height. Despite
of these positive results, long-term follow-up results of these
patients and studies with more patient volume are needed to
achieve more reliable results.
Conﬂict of interest
None declared.
Acknowledgement and ﬁnancial support
None declared.
Ethics
The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involv-
ing humans; Uniform Requirements for manuscripts submit-
ted to Biomedical journals.
r e f e r e n c e s
[1] Carragee EJ, Han MY, Suen PW, Kim D. Clinical outcomes
after lumbar discectomy for sciatica: the effects of fragment
type and anular competence. J Bone Joint Surg Am 2003;85-
A:102–8.
[2] Chin KR, Tomlinson DT, Auerbach JD, Shatsky JB,
Deirmengian CA. Success of lumbar microdiscectomy inpatients with Modic changes and low-back pain: a
prospective pilot study. J Spinal Disord Tech 2008;21:139–44.
[3] Cao P, Chen Z, Zheng Y, Wang Y, Jiang L, Yang Y, et al.
Comparison of simple discectomy and instrumented
posterior lumbar interbody fusion for treatment of lumbar
disc herniation combined with Modic endplate changes.
Chin Med J (Engl) 2014;127(15):2789–94.
[4] Loupasis GA, Stamos K, Katonis PG, Sapkas G, Korres DS,
Hartoﬁlakidis G. Seven- to 20-year outcome of lumbar
discectomy. Spine (Phila Pa 1976) 1999;24(November
(22)):2313–7.
[5] Satoh I, Yonenobu K, Hosono N, Ohwada T, Fuji T,
Yoshikawa H. Indication of posterior lumbar interbody
fusion for lumbar disc herniation. J Spinal Disord Tech
2006;19:104–8.
[6] Kotil K, Ali Akçetin M, Savaş Y. Clinical and radiologic
outcomes of TLIF applications with or without pedicle
screw: a double center prospective pilot comparative study.
J Spinal Disord Tech 2013;26(October (7)):359–66.
[7] Salenius P, Laurent LE. Results of operative treatment of
lumbar disc herniation. A survey of 886 patients. Acta
Orthop Scand 1977;48:630–4.
[8] Cloward RB. The treatment ruptured intervertebral disc by
vertebral body fusion. J Neurosurg 1953;10:154–68.
[9] Frymoyer JW, Hanley EN, Howe J, Kuhlmann D, Matteri R.
Disc excision and spine fusion in the management of
lumbar disc disease: a minimum tenyear follow-up. Spine
1978;3:1–6.
[10] Hacker RJ. Comparison of interbody fusion approaches for
disabling low back pain. Spine (Phila Pa 1976) 1997;22(March
(6)):665–6 [660–5; discussion].
[11] Sun Z, Li W, Chen Z, Guo Z, Qi Q, Zeng Y, et al.
Decompression alone versus decompression with
instrumented fusion for young patients with single-level
lumbar disc herniation: a short-term prospective
comparative study. Chin Med J (Engl) 2014;127(11):2037–42.
[12] Rish BL. A comparative evaluation of posterior lumbar
interbody fusion for disc disease. Spine (Phila Pa 1976)
1985;10(November (9)):855–7.
[13] Vaughan PA, Malcolm BW, Maistrelli GL. Results of L4–L5
disc excision alone versus disc excision and fusion. Spine
(Phila Pa 1976) 1988;13(June (6)):690–5.
[14] Weiner BK, Fraser RD. Spine update lumbar interbody
cages. Spine (Phila Pa 1976) 1998;23(March (5)):634–40
[Review. Erratum in: Spine 1998 Jun 15; 23(12):1428].
[15] Alimi M, Shin B, Macielak M, Hofstetter CP, Njoku Jr I,
Tsiouris AJ, et al. Expandable polyaryl-ether-ether-ketone
spacers for interbody distraction in the lumbar spine. Glob
Spine J 2015;5(June (3)):169–78.
[16] Stein IC, Than KD, Chen KS, Wang AC, Park P. Failure of a
polyether-ether-ketone expandable interbody cage
following transforaminal lumbar interbody fusion. Eur
Spine J )2014;(December) [Epub ahead of print].
[17] Ivanov AA, Faizan A, Ebraheim NA, Yeasting R, Goel VK.
The effect of removing the lateral part of the pars
interarticularis on stress distribution at the neural arch in
lumbar foraminal microdecompression at L3–L4 and L4–L5:
anatomic and ﬁnite element investigations. Spine (Phila Pa
1976) 2007;32(October (22)):2462–6.
[18] Tender GC, Baratta RV, Voorhies RM. Unilateral removal of
pars interarticularis. J Neurosurg Spine 2005;2(October
(3)):279–88.
[19] Brantigan JW, Steffee AD, Lewis ML, Quinn LM, Persenaire
JM. Lumbar interbody fusion using the Brantigan I/F cage
for posterior lumbar interbody fusion and the variable
pedicle screw placement system: two-year results from a
Food and Drug Administration investigational device
exemption clinical trial. Spine (Phila Pa 1976) 2000;25(June
(11)):1437–46.
n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 5 1 ( 2 0 1 7 ) 5 3 – 5 9 59[20] Commarmond J. One-segment interbody lumbar
arthrodesis using impacted cages: posterior unilateral
approach versus posterior bilateral approach. Rev Chir
Orthop Reparatrice Appar Mot 2001;87:129–34.
[21] Freeman BJ, Licina P, Mehdian SH. Posterior lumbar
interbody fusion combined with instrumented postero-
lateral fusion: 5-year results in 60 patients. Eur Spine J
2000;9:42–6.
[22] Bhatia NN, Lee KH, Bui CN, Luna M, Wahba GM, Lee TQ.
Biomechanical evaluation of an expandable cage in single-
segment posterior lumbar interbody fusion. Spine (Phila Pa
1976) 2012;37(January (2)):E79–85.
[23] Lund T, Oxland TR, Jost B, Cripton P, Grassmann S, Etter C,
et al. Interbody cage stabilisation in the lumbar spine:
biomechanical evaluation of cage design, posterior
instrumentation and bone density. J Bone Joint Surg Br
1998;80(March (2)):351–9.
[24] Klemme WR, Owens BD, Dhawan A, Zeidman S, Polly Jr
DW. Lumbar sagittal contour after posterior interbody
fusion: threaded devices alone versus vertical cages plus
posterior instrumentation. Spine (Phila Pa 1976) 2001;26
(March (5)):534–7.
[25] Lagrone MO, Bradford DS, Moe JH, Lonstein JE, Winter RB,
Ogilvie JW. Treatment of symptomatic ﬂatback after spinal
fusion. J Bone Joint Surg Am 1988;70(April (4)):569–80.
[26] Ames CP, Acosta Jr FL, Chi J, Iyengar J, Muiru W, Acaroglu E,
et al. Biomechanical comparison of posterior lumbarinterbody fusion and transforaminal lumbar interbody
fusion performed at 1 and 2 levels. Spine (Phila Pa 1976)
2005;30:E562–6.
[27] Sasso RC, Shively KD, Reilly TM. Transvertebral transsacral
strut grafting for high-grade isthmic spondylolisthesis
L5-S1 with ﬁbular allograft. J Spinal Disord Tech
2008;21:328–33.
[28] Goh JC, Wong HK, Thambyah A, Yu CS. Inﬂuence
of PLIF cage size on lumbar spine stability. Spine (Phila Pa
1976) 2000;25(January (1)):35–9 [discussion 40].
[29] Ninomiya K, Iwatsuki K, Ohnishi Y, Ohkawa T, Yoshimine
T. Adjacent lumbar disc herniation after lumbar short
spinal fusion. Case Rep Orthop 2014;2014:456940. http://dx.
doi.org/10.1155/2014/456940
[30] Park P, Garton HJ, Gala VC, Hoff JT, McGillicuddy JE.
Adjacent segment disease after lumbar or lumbosacral
fusion: review of the literature. Spine (Phila Pa 1976) 2004;29
(September (17)):1938–44 [Review].
[31] Soh J, Lee JC, Shin BJ. Analysis of risk factors for adjacent
segment degeneration occurring more than 5 years after
fusion with pedicle screw ﬁxation for degenerative lumbar
spine. Asian Spine J 2013;7(December (4)):273–81. http://dx.
doi.org/10.4184/asj.2013.7.4.273
[32] Young HH, Love GJ. End results of removal of
protruded lumbar intervertebral discs with and without
fusion. Am Acad Orthop Surg Inst Course Lect 1959;16:
213–6.
